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[Abstract] 



[Object] 



To provide a data carrier that is excellent in weather 



resistance and shock resistance. 

[Solving Means] A magnetic core 15 and ends 26a and 26b of a case 
21 are integrally formed by using a single unidirectional silicon 
steel plate. A coil 16 is formed by winding a lead wire around the 
magnetic core 15 by a given number of times. Goss azimuths of the 
magnetic core 15 and the ends 26a and 26b are directed in parallel 
to an axial core direction of the coil 16. Accordingly, the ends 
26a and 26b also serve as a magnetic core. Further, a center portion 
25 of the case 21 is fitted to the ends 26a and 26b so as to cover 
a portion in which the coil 16 is formed. The Goss azimuth of the 
center portion 25 is directed toward a direction orthogonal to the 
axial core direction of the coil 16. 



[Scope of Patent Claims] 

[Claim 1] A data carrier, comprising: 
an antenna including: 

a magnetic core made of a unidirectional silicon steel; 

and 

a coil disposed so as to direct a Goss azimuth of the 
magnetic core toward an axial core direction; and 

a case for housing the antenna, the case including: 

a center portion made of the unidirectional 
silicon steel, which is disposed so as to face the coil, and directs 
the Goss azimuth toward a direction substantially orthogonal to 
the axial core direction of the coil; and 

two ends made of the unidirectional silicon steel , 
which are fitted to both sides of the center portion along a direction 
substantially in parallel to the axial core direction of the coil, 
and direct the Goss azimuth toward the direction substantially in 
parallel to the axial core direction of the coil. 
[Claim 2] The data carrier according to claim 1, wherein: 

the coil is wound around the magnetic core in a substantially 
plate shape; and 

the center portion and the two ends are in a substantially 
plate shape. 

[Claim 3] The data carrier according to claim 1 or 2, wherein the 
magnetic core and the two ends are integrally formed by using a 
single unidirectional silicon steel plate. 

[Claim 4] The data carrier according to claim 1 or 2, wherein both 

leading ends of the magnetic core are fixed to the respective ends. 

[Claim 5] The data carrier according to claim 1 , 2, 3, or 4, wherein 

the antenna is sealed by filling an interior of the case with a 
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resin . 

[Claim 6] The data carrier according to claim 1, 2, 3, 4, or 5, 
wherein a rear surface of the case is covered with a plate member 
made of nonmetal. 

[Claim 7] The data carrier according to claim 1, 2, 3, 4, or 5, 
wherein a rear surface of the case is partially covered with a plate 
member made of the unidirectional silicon steel so that the Goss 
azimuth of the plate member is directed toward the direction 
substantially orthogonal to the axial core direction of the coil, 
and that the plate member and the center portion form no 
electrically-closed circuit . 

[Claim 8] The data carrier according to claim 1, 2, 3, 4, 5, 6, 
or 7, wherein: 

the coil comprises an air-core coil wound in a substantially 
annular shape in a planar configuration; and 

the antenna is so designed as to insert the magnetic core into 
the coil so that a plane of the plate-shaped magnetic core and a 
plane of the coil are substantially in parallel to each other. 
[Claim 9] The data carrier according to claim 1, 2, 3, 4, 5, 6, 
or 7 , wherein: 

the coil comprises an air-core coil wound in a substantially 
rectangular shape in a planar configuration; and 

the antenna is so designed as to insert the magnetic core into 
the coil so that a plane of the plate-shaped magnetic core and a 
plane of the coil are substantially in parallel to each other. 
[Claim 10] A data carrier case made of a unidirectional silicon 
steel, comprising : 

a center portion that directs a Goss azimuth toward a given 
direction; and 



two ends that are fitted to both sides of the center portion 
along a direction substantially orthogonal to the Goss azimuth of 
the center portion, and direct the Goss azimuth in the direction 
substantially orthogonal to the Goss azimuth of the center portion. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention belongs] The present 

invention relates to a data carrier that transmits and receives 
signals with respect to a base unit by wireless. 
[0002] 

[Prior Art] In recent years, there has increasingly diffused a data 
carrier system including a data carrier (slave unit) in which an 
IC chip is embedded in a plastic card of a credit card size, and 
a base unit that accesses to the data carrier wire less ly, and transfers 
data. The system of this type is intended to be used in a commuter 
ticket of a railroad or the like as a noncontact ID card, and can 
be also used to adequately identify the individual goods to be 
transported in a physical distribution field, or to manage the 
warehouse stock by various manufacturers. 

[0003] For example, when the data carrier system is used to 

manage the stock of the products, the data carrier into which 

information related to the products is written is stuck onto the 

individual products to be identified, and then the products are 

stored on a given shelf or the like of the warehouse. The base unit 

is located on each of the shelf, and when the products are stored, 

the base unit accesses to the data carrier that is stuck onto the 

product, reads the information, and transmits the information to 

a central computer via a network. Database is constructed in the 

central computer, and the stockmanagement of the respective products 
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is conducted in an aggregated manner. When the system of the 
above-mentioned type is introduced, the presence/absence of the 
required product, the storage location, and the date of manufacture 
can be known immediately, thereby obtaining various advantages such 
as a possibility that manpower required for stock management is 
reduced. 

[0004] Fig. 10(a) shows an example of a conventional data carrier . 

A data carrier 50 includes an air-core coil 51 as an antenna for 
transmitting and receiving an electromagnetic wave, an RFID module 
52, and a plastic case 53. The air-core coil 51 is formed by winding 
a lead wire in whorl, and housed in the case 53 in such a manner 
that the axial direction of the air-core coil 51 is perpendicular 
to the surface of the case 53. The RFID module 52 is a one-chip 
module in which a memory, a transmitter and receiver circuit, and 
the like are formed on a silicon substrate, and connected to the 
air-core coil 51. When the signal is transferred between the data 
carrier and the base unit, the base unit is arranged in such a manner 
that an axial direction ai of an antenna coil 61 of the base unit 
coincides with an axial direction a 2 of the air-core coil 51 of the 
data carrier 50 as shown in Fig. 10 (b) . Then, a magnetic field that 
is generated by the antenna coil 61 of the base unit is penetrated 
into the air-core coil 51 of the data carrier 50 whereby the data 
carrier 50 receives the signal from the base unit. Further, a 
magnetic field that is generated by the air-core coil 51 is penetrated 
into the antenna coil 61 of the base unit whereby the base unit 
receives the signal from the data carrier 50. 
[0005] 

[Problem to be solved by the Invention] In the above-mentioned 

conventional data carrier, the antenna and the IC are housed in 

5 



the plastic case, and an external magnetic field enters the case. 
In fact, when the case is made of a magnetic material that is high 
in magnetic permeability, the magnetic shielding makes it difficult 
that the external magnetic field enters the case, and the signal 
transfer is disenabled between the data carrier and the base unit. 
Incidentally, in order to widely spread the data carrier system, 
there has been proposed, for example, that the data carrier is located 
outdoors in use. However, the plastic case poses a problem on the 
weather resistance and the shock resistance, and it is difficult 
to use the conventional data carrier as an outdoor installation. 
[0006] The present invention has been made in view of the 

above-mentioned circumstances, and therefore an object of the 
present invention is to provide a data carrier that is excellent 
in weather resistance and shock resistance. 
[0007] 

[Means for solving the Problem] In order to attain the 

above-mentioned object, a data carrier according to the present 

invention includes: an antenna including: a magnetic core made of 

a unidirectional silicon steel; and a coil disposed so as to direct 

a Goss azimuth of the magnetic core toward an axial core direction; 

and a case for housing the antenna, the case including: a center 

portion made of the unidirectional silicon steel, which is disposed 

so as to face the coil, and directs the Goss azimuth toward a direction 

substantially orthogonal to the axial core direction of the coil; 

and two ends made of the unidirectional silicon steel, which are 

fitted to both sides of the center portion along a direction 

substantially in parallel to the axial core direction of the coil, 

and direct the Goss azimuth toward the direction substantially in 

parallel to the axial core direction of the coil. 
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[0008] Further, in order to attain the above-mentioned object, 

the present invention provides a data carrier case made of a 
unidirectional silicon steel, including: a center portion that 
directs a Goss azimuth toward a given direction; and two ends that 
are fitted to both sides of the center portion along a direction 
substantially orthogonal to the Goss azimuth of the center portion, 
and direct the Goss azimuth in the direction substantially orthogonal 
to the Goss azimuth of the center portion. 
[0009] 

[Embodiment Modes of the Invention] Hereinafter , a description is 
given of a first embodiment of the present invention with reference 
to drawings. Fig. 1(a) is a schematic plan view showing a data carrier 
according to the first embodiment of the present invention. Fig. 
1 (b) is a schematic cross-sectional view of the data carrier taken 
along a line A-A. Fig. 1(c) is a schematic back view showing the 
data carrier. Figs. 2 are diagrams for illustrating a process of 
manufacturing the data carrier. Fig. 3 is a diagram for illustrating 
an example of a method of transferring a signal between the data 
carrier and a base unit. Figs. 2 show a plan view at an upper stage 
and a cross-sectional view of the drawing appearing immediately 
thereabove at a lower stage. 

[0010] A data carrier 10 according to the first embodiment 

includes an antenna 11, a case 21 for housing the antenna 11, and 
an RFID module 31, as shown in Figs. 1. The antenna 11 transmits 
and receives a signal with respect to a base unit, and includes 
a magnetic core 15, and a coil 16. The coil 16 is formed by winding 
a lead wire which is made of copper low in electric resistance or 
the like around the magnetic core 15 by a given number of times 
as shown in Figs. 1(b) and 1(c). 



[0011] The case 21 includes a center portion 25 in a 

substantially plate shape, and two ends 26a and 26b in a substantially 
plate shape which are disposed on both sides of the center portion 
25, as shown in Figs. 1. The surfaces of the center portion 25 and 
the ends 26a and 26b are flatly formed- The case 21 is made of a 
silicon steel plate (electromagnetic steel plate) which is mainly 
used as an iron core of a transformer. In particular, in the first 
embodiment, the magnetic core 15 and the two ends 2 6a and 2 6b are 
integrated together by using a single silicon steel plate. That 
is, as shown in Fig. 2 (a) , a smaller rectangular portion that remains 
by removing both of right and left sides of the center portion of 
the single silicon steel plate forms the magnetic core 15, and larger 
rectangular portions above and below the magnetic core 15 form the 
ends 26a and 26b. Further, as shown in the cross-sectional view 
of Fig. 2 (a) , the magnetic core 15 is so processed as to be recessed 
with respect to the two ends 2 6a and 2 6b, and outer peripheral ends 
of the two ends 26a and 26b are bent toward the rear surfaces. In 
this example, the lengths of the bent portions of the ends 26a and 
2 6b are set to be longer than intervals between the magnetic core 
15 and the ends 26a and 26b, which are the thickness of the case 
21. 

[0012] Incidentally, in general, the silicon steel plates are 

of a unidirectional type in which a direction along which the magnetic 

flux is liable to pass is determined as one direction, and of a 

nondirectional type in which a direction along which the magnetic 

flux is liable to pass is not determined. In the first embodiment, 

a unidirectional silicon steel plate is used as the material of 

the case 21 and the magnetic core 15. A direction along which the 

magnetic flux of the unidirectional silicon steel plate is liable 
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to pass is generally determined by the Goss azimuth which is a growth 
direction of crystal grains. The Goss azimuths of the magnetic core 

15 and the ends 26a and 26b are directed toward a direction that 
is in parallel to the axial core direction of the coil 16 as indicated 
by arrows of Fig. 2(a) . In this example, the axial core direction 
of the coil 16means a direction of the magnetic core 15 that penetrates 
through the coil 16. In the first embodiment, the vertical direction 
of Figs. 1 is the axial core direction of the coil 16. 

[0013] Further, the center portion 25 of the case 21 is fitted 

to the ends 26a and 26b so as to cover a portion in which the coil 

16 is formed from the front surface side as shown in Figs. 1. In 
this situation, as shown in Fig. 2(c), the center portion 25 is 
arranged so that the Goss azimuth of the center portion 25 is directed 
toward a direction that is orthogonal to the axial core direction 
of the coil 16. The RFID module 31 is a one-chip module in which 
a memory, a transmitter and receiver circuit, and other necessary 
electric circuits are formed on a silicon substrate. Electrodes 
35a and 35b of the RFID module 31 are connected to both ends of 
the coil 16. 

[0014] In the above-mentioned data carrier 10, the ends 26a 

and 26b of the case 21 and the magnetic core 15 are integrated together 
with the results that the ends 26a and 26b serve as a case that 
protects the antenna 11, and also serve as the magnetic core that 
is inserted into the coil 16. In fact, when the antenna 11 is 
completely covered with the magnetic material that is high in magnetic 
permeability, the magnetic shielding makes it difficult that the 
external magnetic field enters the interior. However, when the case 
21 having the above-mentioned structure is used, the antenna 11 
receives the external magnetic field so as to transmit and receive 



the signal with respect to the base unit. 

[0015] In the first embodiment, when the Goss azimuth of the 

ends 26a and 26b of the case 21 is directed toward the direction 

that is in parallel to the axial core direction of the coil 16 and 

hence the external magnetic field exists in the axial core direction 

of the coil 16, the external magnetic field is guided to the ends 

26a and 26b of the case 21. In this situation, the Goss azimuth 

of the center portion 25 of the case 21 is directed toward the direction 

that is orthogonal to the Goss azimuth of the ends 26a and 26b. 

Moreover, the Goss azimuth of the magnetic core 15 is directed toward 

the direction that is in parallel to the Goss azimuth of the ends 

26a and 26b. As a result, the external magnetic field that has been 

guided to the ends 26a and 26b penetrates through the coil 16 passing 

through the magnetic core 15 with hardly passing through the center 

portion 25. By using the above-mentioned phenomenon, there is 

proposed the following method of transferring the signal between 

the data carrier 10 and the base unit. Now, it is assumed that the 

data carrier 10 is stuck onto a certain object as shown in Fig. 

3. In this case, the base unit is arranged in such a manner that 

an axial direction ai of an antenna coil 2 of the base unit is 

substantially in parallel to an axial core direction a 2 of the coil 

16 of the data carrier 10. The magnetic field that is substantially 

in parallel to the axial direction ai is generated from the antenna 

coil 2 of the base unit. However, the magnetic core 15 and the ends 

26a and 26b of the data carrier 10 have the strong magnetic 

characteristic in the direction that is in parallel to the axial 

core direction a 2 of the coil 16. For that reason, a part of the 

magnetic field that is generated from the antenna coil 2 of the 

base unit becomes substantially in parallel to the axial core 
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direction a 2 of the coil 16 around the data carrier 10 as a leak 
magnetic field, and is guided to the ends 26a and 26b of the case 
21 . In this way, the data carrier 10 according to the first embodiment 
is capable of transmitting and receiving the signal with respect 
to the base unit by the aid of the leak magnetic flux from the antenna 
coil 2 of the base unit. 

[0016] Subsequently, a description is given of a process of 

manufacturing the data carrier 10 according to the first embodiment . 

First, the tabular unidirectional silicon steel plate is processed 

into a shape as shown in Fig. 2(a). Specifically, both of right 

and left sides of the center portion of the silicon steel plate 

are removed to form the magnetic core 15 and the two ends 2 6a and 

26b. In this example, the Goss azimuth of the silicon steel plate 

is directed toward a direction that connects the two ends 26a and 

26b. Then, the magnet ic core 15 is recessed, and the outer per ipheral 

ends of the ends 26a and 26b are bent toward the magnetic core 15. 

Thereafter, as shown in Fig. 2(b), a lead wire is wound around the 

magnetic core 15 to form the coil 16. Then, as shown in Fig. 2(c), 

the center portion 25 is fixed so as to cover the portion in which 

the coil 16 is formed from the sides of the ends 26a and 26b. In 

this example, the center portion 25 is arranged in such a manner 

that the Goss azimuth of the center portion 25 is directed toward 

the direction that is orthogonal to the axial core direction of 

the coil 16. Further, the center portion 25 is fixed to the ends 

26a and 26b by, for example, welding or caulking. In particular, 

in the case of using the caulking method, it is necessary that, 

after the center portion 25 has been caulked, a desired paint is 

coated on portions between the center portion 25 and the ends 26a 

and 2 6b to enhance the sealing property between the center portion 
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25 and the ends 26a and 26b. Finally, as shown in Fig. 1(c), both 
ends of the coil 16 are connected with the electrodes 35a and 35b 
of the RFID module 31, to thereby obtain the data carrier 10 as 
shown in Figs. 1. 

[0017J In the data carrier according to the first embodiment, 

the magnetic core and the two ends are integrated together by using 
the unidirectional silicon steel plate, and the portion 
corresponding to the coil that is wound around the magnetic core 
is covered with the center portion made of the unidirectional silicon 
steel from the outside, thereby making it possible that the antenna 
is completely covered with the case made of the silicon steel from 
the outside. As a result, the weather resistance and the shock 
resistance can be improved. For that reason, the data carrier is 
suitable particularly for use in the outdoor installation. 

[0018] Further, the antenna is covered with the case, but the 

ends of the case serve as the magnetic core. As a result, the data 
carrier receives the external magnetic field in the axial core 
direction of the coil so as to enable excellent transmission and 
reception of the signal with respect to the base unit. Further, 
since the antenna in which the coil is wound around the tabular 
magnetic core is used, thereby making it possible tomake the thickness 
of the case thin, the data carrier can be thinned. 

[0019] Incidentally, in the conventional data carrier shown 

in Figs. 10, the base unit is arranged in such a manner that the 

axial direction of the antenna coil of the base unit is substantially 

identical with the axial direction of the air-core coil 51 of the 

data carrier, to transmit and receive the signal between the base 

unit and the data carrier. However, in the case where the 

above-mentioned conventional data carrier is stuck onto a metal 
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plate in use, there arises such a problem that the magnetic field 
that is generated from the antenna coil of the base unit is trapped 
by the metal plate, and hardly penetrates through the air-core coil 
of the data carrier, and hence a communication with the base unit 
is disenabled. Conversely, the data carrier according to the first 
embodiment is advantageous in that the signal is excellently 
transmitted and received with respect to the base unit as shown 
in Fig. 3 (case in which object is metal plate), by using a 
communication method employing the above-mentioned leak magnetic 
flux even if the data carrier is stuck onto the metal plate. 
Accordingly, the data carrier according to the first embodiment 
is capable of sufficiently transmitting and receiving the signal 
even if the data carrier is stuck onto an electric pole made of 
metal, a cap of a manhole, a metal case, a door made of metal, or 
the like. In the case where the data carrier is stuck onto the metal 
plate, it is necessary that an insulating sheet is interposed between 
the case and the metal plate in order to prevent a current from 
flowing between the case and the metal plate. 

[0020] Subsequently, a description is given of a data carrier 

according to a second embodiment of the present invention with 
reference to the drawings . Fig. 4(a) is a schematic plan view showing 
the data carrier according to the second embodiment of the present 
invention. Fig. 4(b) is a schematic cross-sectional view of the 
data carrier taken along a line B-B. Fig. 4 (c) is a schematic back 
view showing the data carrier . In the second embodiment, parts having 
the same functions as those in the above-mentioned first embodiment 
are designated by identical symbols, and their detailed description 
is omitted. 

[0021] A data carrier 100 according to the second embodiment 



includes an antenna 110, a case 210 for housing the antenna 110, 
and the RFID module 31. The data carrier 20 according to the second 
embodiment is different from that of the first embodiment in that 
the antenna 110 and the case 210 can be manufactured individually. 
The antenna 110 transmits and receives the signal with respect to 
the base unit, and includes a tabular magnetic core 150 and a coil 
160. The magnetic core 150 is formed in a substantially rectangular 
shape by using a unidirectional silicon steel plate . In this example, 
as shown in Fig. 4(c), it is assumed that the Goss azimuth of the 
magnetic core 150 is directed in the longitudinal direction. The 
coil 160 is formed by winding a lead wire around the center portion 
of the magnetic core 150 by a given number of times as shown in 
Figs. 4 (b) and 4 (c) . Accordingly, the Goss azimuth of the magnetic 
core 150 is identical with the axial core direction of the coil 
160. 

[0022] The case 210 includes a center portion 250 in a 

substantially plate shape, and two ends 260a and 260b in a 
substantially plate shape which are disposed on both sides of the 
center portion 250, as shown in Figs. 4. The surfaces of the center 
portion 250 and the ends 260a and 260b are formed flat. Further, 
outer peripheral ends of the center portion 250 and the two ends 
260a and 260b are bent toward the rear surfaces. The lengths of 
the bent portions are the thickness of the case 21 . The center portion 
250 and the ends 260a and 26b are arranged in such a manner that 
the rear surface of the center portion 250 overlaps with parts of 
the surf aces of the ends 260a and 260b, and fixed by welding, soldering, 
or the like. 

[0023] Further, the case 210 is made of the unidirectional 

silicon steel plate as in the first embodiment. The Goss azimuth 
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of the two ends 260a and 260b is directed toward a direction that 
connects those ends whereas the Goss azimuth of the center portion 
250 is directed toward a direction that is orthogonal to the Goss 
azimuth of the ends 260a and 260b. The antenna 110 is arranged at 
a position at which the coil 160 faces the center portion 250, and 
is housed in the case 210 in such a manner that the axial core direction 
of the coil 160 is directed toward a direction that connects the 
two ends 260a and 260b. In this example, the longitudinal length 
of the magnetic core 150 is set to such a length that the leading 
end of the magnetic core 150 overlaps with the ends 260a and 260b 
as much as possible when the antenna 110 is housed in the case 210. 
In particular, it is better as the overlapped area is larger. With 
the above-mentioned arrangement of the antenna 110, the Goss azimuth 
of the center portion 250 is directed toward a direction that is 
orthogonal to the axial core direction of the coil 160, and the 
Goss azimuth of the ends 260a and 260b is directed toward a direction 
that is in parallel to the axial core direction of the coil 160. 
[0024] Further, the leading ends of the magnetic core 150 are 

fixed to the respective ends 260a and 260b by welding, soldering, 
or the like. Alternatively, the leading ends can adhere to the 
respective ends with a material such as resin instead of welding 
or the like. The adhesive can be electrically conductive or 
nonconductive . In the above-mentioned data carrier 100, when the 
Goss azimuth of the ends 260a and 260b is directed toward the direction 
that is in parallel to the axial core direction of the coil 160 
and hence the external magnetic field exists in the axial core 
direction of the coil 160, the external magnetic field is guided 
to the ends 260a and 260b of the case 210. In this situation, the 
Goss azimuth of the center portion 250 of the case 210 is directed 



toward the direction that is orthogonal to the Goss azimuth of the 
ends 260a and 260b. Moreover, the Goss azimuth of the magnetic core 
150 is directed toward the direction that is in parallel to the 
Goss azimuth of the ends 260a and 260b. As a result, the external 
magnetic field that has been guided to the ends 260a and 260b 
penetrates through the coil 160 passing through the magnetic core 
150 with hardly passing through the center portion 250. This is 
irrelevant to whether or not the magnetic core 150 and the ends 
260a and 260b are fixed to each other with the electric conductive 
material. For that reason, extremely speaking, even if the magnetic 
core 150 and the ends 260a and 260b are not fixed to each other, 
and the antenna 110 is merely inserted into the case 210, for example, 
the external magnetic field that has been guided to the ends 260a 
and 260b penetrates through the coil 160 passing through the magnetic 
core 150. This means that the two ends 260a and 260b serve as the 
magnetic core. Accordingly, in the data carrier 100 according to 
the second embodiment, as described in the first embodiment with 
reference to Fig. 3, the base unit is arranged in such a manner 
that the axial direction of the antenna coil of the base unit becomes 
substantially in parallel to the axial core direction of the coil 
160 of the data carrier 100, and the signal can be excellently 
transmitted and received with respect to the base unit by the aid 
of the leak magnetic flux from the antenna coil of the base unit. 
Further, by using the above-mentioned communication method, even 
if the data carrier 100 is stuck onto the metal plate in use, it 
is possible to exchange the signal with the base unit. 
[0025] Incidentally, in the above-mentioned data carrier 100, 

the rear surface is not covered, and thus the antenna 110 is completely 
exposed. For that reason, for example, when the work of fitting 



the data carrier 100 is conducted, the coil 160 may be damaged. 
Accordingly, it is necessary to provide some protecting means on 
the rear surface of the case 210 . The present inventors have proposed 
several methods as a method of protecting the coil 160. Figs. 5 
are diagrams for illustrating the method of protecting the coil 
160 of the data carrier 100. 

[0026] As a first method of protecting the coil 160, as shown 

in Fig. 5(a), the interior of the case 210 is filled with a resin 
270 such as silicon to seal the antenna 110. Further, as a second 
method, as shown in Fig. 5(b), the rear surface of the case 210 
is covered with a plate member 280 made of nonmetal such as plastic 
or ceramic. 

[0027] As a thirdmethod, as shown in Fig. 5 (c) , the rear surface 

of the case 210 is partially covered with a plate member 290 which 
is made of a unidirectional silicon steel in such a manner that 
the Goss azimuth of the plate member 290 is directed toward the 
direction that is orthogonal to the axial core direction of the 
coil 160, and the plate member 290 and the center portion 250 form 
no electrically-closed circuit. In this example, the reason why 
the Goss azimuth of the plate member 290 is directed toward the 
direction that is orthogonal to the axial core direction of the 
coil 160 is because the external magnetic field in the axial core 
direction of the coil 160 is not guided to the plate member 290. 
Further, the following is the reason why the plate member 2 90 and 
the center portion 250 do not form the closed circuit. That is, 
this is because, when those members form the closed circuit, the 
magnetic field that penetrates through the coil 160 also penetrates 
through the closed circuit in transferring the signal with respect 
to the base unit, and a current flows in the closed circuit. In 



the example shown in Fig. 5(c) , the two plate members 290 are fixed 
to the rear surface of the case 210 in such a manner that a gap 
291 is defined along the axial core direction of the coil 160. The 
third method is advantageous in that almost all of the periphery 
of the antenna 110 can be covered with the same material (silicon 
steel) except for the portion of the gap 291. However, in the case 
where the data carrier 100 that has been fabricated in the third 
method is stuck onto the metal plate in use, it is necessary that 
a rubber, an insulating sheet, or the like is interposed between 
the plate member 290 and the metal plate to insulate the data carrier 
100 from the metal plate in order to prevent the current from flowing 
between the case 210 and the metal plate. 

[0028] As another method of protecting the coil 160, there can 

be applied a method in which the above-mentioned first method and 
second method are combined together, or a method in which the 
above-mentioned first method and third method are combined together . 
Further, the above-mentioned respective methods can obviously be 
applied to the data carrier of the first embodiment. In the data 
carrier according to the second embodiment, the antenna is inserted 
into the case that is made of the unidirectional silicon steel plate, 
thereby making it possible to cover the antenna with the case made 
of metal ( silicon steel ) from the out side . As a result, the weather 
resistance and the shock resistance can be improved. For that reason, 
the data carrier is suitable particularly for use in the outdoor 
installation . 

[0029] Further, there is used the case having the center portion 

having the Goss azimuth directed toward a given direction, and two 

ends having the Goss azimuth directed in the direction that is 

orthogonal to the Goss azimuth of the center portion, which is fitted 
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to both sides of the center portion along the direction that is 
orthogonal to the Goss azimuth of the center portion. The antenna 
is inserted into the case in such a manner that the Goss azimuth 
of the magnetic core is in parallel to the Goss azimuth of the ends. 
With the above-mentioned configuration, the ends of the case serve 
as the magnetic core. As a result, the data carrier is capable of 
excellently transmitting and receiving the signal with respect to 
the base unit upon receiving the external magnetic field in the 
axial core direction of the coil. 

[0030] Further, since the antenna in which the coil is wound 

around the tabular magnetic core is used, thereby making it possible 
to make the thickness of the case thin, the data carrier can be 
thinned. Further, in the data carrier according to the second 
embodiment, since the antenna and the case can be manufactured 
independently, the manufacturing work can be simplified as compared 
with that of the first embodiment. 

[0031] Subsequently, a description is given of a data carrier 

according to a third embodiment of the present invention with 
reference to the drawings . Fig. 6(a) is a schematic plan view showing 
the data carrier according to the third embodiment of the present 
invention. Fig. 6(b) is a schematic cross-sectional view of the 
data carrier taken along a line C-C. Fig. 6(c) is a schematic back 
view showing the data carrier. In the third embodiment, parts having 
the same functions as those in the above-mentioned second embodiment 
are designated by identical symbols, and their detailed description 
is omitted. In Figs. 6, the RFID module is omitted from the drawing . 
[0032] A difference of a data carrier 100a according to the 

third embodiment from that of the second embodiment resides in that 
the leading end of the magnetic core 150 is not fixed to the ends 



260a and 260b of the case 210, and the antenna 110 is inserted into 
the case 210 as shown in Figs. 6. All of other configurations are 
identical with those of the second embodiment. In this case, since 
the antenna 110 is merely inserted into the case 210, there is a 
risk that the antenna 110 moves within the case 210 due to an influence 
from the outside. When the antenna 110 moves during transferring 
of the signal with respect to the base unit, the performance of 
the antenna is deteriorated. Accordingly, in the data carrier 100a 
of the third embodiment, it is desirable that the interior of the 
case 210 is filled with a resin to seal the antenna 110, or the 
size of the antenna 110 is made substantially identical with the 
size of the case 210 to reduce a space in which the antenna 110 
can move within the case 210. 

[0033] In the data carrier according to the third embodiment, 

the antenna is not fixed to the ends of the case, thereby simplifying 
the manufacturing work as compared with that in the above-mentioned 
second embodiment as much as the work of fixing the antenna is not 
conducted . In other configurations , the same actions and advantages 
as those in the second embodiment are obtained. Subsequently, a 
description is given of a data carrier according to a fourth embodiment 
of the present invention with reference to the drawings. Fig. 7 
is a schematic back view showing the data carrier according to the 
fourth embodiment of the present invention. A front view of the 
data carrier according to the fourth embodiment is identical with 
Fig. 4 (a) of the second embodiment. In the fourth embodiment, parts 
having the same functions as those in the above-mentioned second 
embodiment are designated by identical symbols, and their detailed 
description is omitted. 

[0034] A data carrier 100b according to the fourth embodiment 

20 



includes an antenna 110a, and the case 210 for housing the antenna 
110a, as shown in Fig. 7. In this example, the RFID module is omitted 
from Fig. 7. A difference of the data carrier 100b according to 
the fourth embodiment from that of the second embodiment resides 
in that the antenna 110a having a structure different from the antenna 
of the second embodiment is used. Other configurations such as the 
case 210 are identical with those in the second embodiment. 
[0035] The antenna 110a transmits and receives the signal with 

respect to the base unit, and includes a tabular magnetic core 150a 
and a coil 160a. The magnetic core 150a is formed in a substantially 
rectangular shape by using the unidirectional silicon steel plate. 
In this example, as shown in Fig. 7, it is assumed that the Goss 
azimuth of the magnetic core 150a is directed toward the longitudinal 
direction. The coil 160a is a circular air-core coil which is formed 
by winding a lead wire in the planar fashion by a given number of 
times. The above-mentioned air-core coils of a large number are 
placed on sale, and an appropriate air-core coil can be selected 
according to the design demand. Specifically, the coil 160a in which 
the inner diameter is larger than the width of the magnetic core 
150a is selected. Then, the magnetic core 150a is inserted into 
the coil 160a, and the flat surface of the coil 160a is made 
substantially in parallel to the flat surface of the magnetic core 
150a, to thereby obtain the antenna 110a. Note that, in the fourth 
embodiment, the longitudinal direction of the magnetic core 150a 
is the axial core direction of the coil 160a. 

[003 6] In the fourth embodiment, the air-core coil that is placed 

on sale is used, thereby making it possible to simply manufacture 

the antenna 110a. In fact, in the case of manufacturing the data 

carrier according to the first to third embodiments, the work of 
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winding the lead wire around the magnetic core requires the deftness, 
and it takes time to conduct the work. This is one factor that 
increases the manufacture costs of the data carrier. Conversely, 
the data carrier 100b according to the fourth embodiment does not 
require the work of winding the lead wire to form the coil 160a. 
For that reason, it is advantageous in that the manufacture work 
of the data carrier 100b is eased, and the manufacture costs can 
be reduced. 

[0037] The above-mentioned antenna 110a is arranged in such 

a manner that the coil 160a faces the center portion 250, and is 
inserted into the case 210 in such a manner that the axial core 
direction of the coil 160a is directed toward the direction that 
connects the two ends 260a and 260b as in the second embodiment. 
With the above-mentioned configuration, the Goss azimuth of the 
center portion 250 is directed toward the direction that is 
substantially orthogonal to the axial core direction of the coil 
160a, and the Goss azimuth of the ends 260a and 260b is directed 
toward the direction that is substantially in parallel to the axial 
core direction of the coil 160a. 

[0038] The data carrier according to the fourth embodiment does 

not require the work of winding the lead wire to form the coil because 
the antenna is manufactured by using the air-core coil that is placed 
on sale. For that reason, the manufacture work of the data carrier 
is eased, and the manufacture costs can be reduced. In other 
configurations, the same actions and advantages as those in the 
second embodiment are obtained. The present invention is not limited 
to the above-mentioned respective embodiments, but can be variously 
modified within the gist of the present invention. 
[0039] For example, in the above-mentioned fourth embodiment, 



the description has been given of the case in which the air-core 
coil that is wound in the flat annular shape is used as the coil. 
Alternatively, as shown in Fig. 8, an air-core coil 160b that is 
wound in a flat square or rectangle shape can be used as the coil. 
The air-core coil 160b is also placed on sale. Further, in the 
above-mentioned respective embodiments, the description has been 
given of the case in which the surface of the case is flattened. 
However, the shape of the case can be variously changed according 
to the intended purpose or the like of the data carrier. Fig. 9 
shows a case in which the shape of a case 212 is semicircular tubular. 
The case 212 includes a semicircular tubular center portion 252, 
and two semicircular tubular ends 262a and 262b. The respective 
ends 262a and 262b are fitted to both sides of the center portion 
252 in such a manner that the center axis of the center portion 
252 substantially coincides with the center axes of the ends 262a 
and 2 62b . The semicircular tubular case 212 is suitable particularly 
for use in an antenna 110b in which the coil is formed around a 
cylindrical magnetic core. 
[0040] 

[Effects of the Invention] As has been described above, 
according to the data carrier of the present invention, since the 
antenna is inserted into the case made of the unidirectional silicon 
steel, thereby making it possible to cover the antenna with the 
metal (silicon steel) case, there can be obtained the data carrier 
that is excellent in weather resistance and shock resistance. For 
that reason, the above-mentioned data carrier is suitable 
particularly for use in the outdoor installation. 

[0041] Further, there is used the data carrier case having the 

center portion having the Goss azimuth directed toward a given 
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direction, and two ends having the Goss azimuth directed toward 
the direction that is orthogonal to the Goss azimuth of the center 
portion, which is fitted to both sides of the center portion along 
the direction that is orthogonal to the Goss azimuth of the center 
portion- The antenna is inserted into the case in such a manner 
that the Goss azimuth of the magnetic core is in parallel to the 
Goss azimuth of the ends, with the results that the ends of the 
case can serve as themagnetic core. For that reason, the data carrier 
is capable of excellently transmitting and receiving the signal 
with respect to the base unit upon receiving the external magnetic 
field in the axial core direction of the coil. 
[Brief Description of the Drawings] 

[Figs. 1] Fig. 1(a) is a schematic plan view showing a data carrier 
according to a first embodiment of the present invention, Fig. 1(b) 
is a schematic cross-sectional view of the data carrier taken along 
a line A-A, and Fig. 1(c) is a schematic back view showing the data 
carrier . 

[Figs. 2] Diagrams for illustrating a process of manufacturing the 
data carrier. 

[Fig. 3] A diagram for illustrating an example of a method of 
transferring a signal between the data carrier and a base unit. 
[Figs. 4] Fig. 4 (a) is a schematic plan view showing a data carrier 
according to a second embodiment of the present invention, Fig. 
4 (b) is a schematic cross-sectional view of the data carrier taken 
along a line B-B, and Fig. 4 (c) is a schematic back view showing 
the data carrier. 

[Figs. 5] Diagrams for illustrating a method of protecting the coil 
of the data carrier. 

[Figs. 6] Fig. 6(a) is a schematic plan view showing a data carrier 
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according to a third embodiment of the present invention, Fig. 6(b) 
is a schematic cross-sectional view of the data carrier taken along 
a line C-C, and Fig. 6(c) is a schematic back view showing the data 
carrier . 

[Fig. 7] A schematic back view showing a data carrier according 
to a fourth embodiment of the present invention. 

[Fig. 8] A diagram for illustrating a data carrier according to 
a modified example of the present invention. 

[Fig. 9] A diagram for illustrating a data carrier according to 

another modified example of the present invention. 

[Figs. 10] Diagrams for illustrating a conventional data carrier. 

[Description of Symbols] 

10, 100, 100a, 100b data carrier 

11, 110, 110a, 110b antenna 

15,150,150a magnetic core 

16, 160, 160a, 160b coil 

21,210,212 case 

25,250,252 center portion 

2 6a, 2 6b, 2 60a, 2 60b, 2 62a, 2 62b end 

270 sealing resin 

280,290 plate member 

291 gap 

31 RFID module 

35a, 35b electrode 
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-^^'J71 0 OO^^H 6 0 OttX*fp] k #m&^p 

k^wTHg-e*4o 

[0 0 2 5] tz.z>~£\ fr&2> -T- ^^■■vurioo-e 

t l J T 1 0 O^^ftitf^**^^^, n>f;H60 
ifftlKLi^^mo U*r, ^2 1 

0 o*Bqffl (if* ^> ****** ^> o 

3>f^l6 0t«m*Si:U«o 

[0026] n>f ;H 6 0 Sri*tti-^H— ^^ffiti, HI 
5 (a) n (C, t-X2 1 OOra^Jilfy 

U3>*o#|g2 7 0 *^E*-T*r ktii T>T"t- 

1 1 0Sr»ihi-*«>o-e**o 4^, »-<7)*^(i, EI 
5 (b) \Zj£~t£n ^-X2 1 0CO*MH^r, Wx. 
tif 9 ^ ^ y ^ ^>-t 9 ^ y 9 * k*o*^JRISO«^»#t 

2 8 Otli 4<50-e** o 

[0 0 2 7] fSHO^rftti, EI 5 (c) ^^i~J: ^ 
50 -^l&ltta««l*0««»«- 2 9 0 £fflV>T, 
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2 9 0<7)zfXjjtiL&x-f )l< 1 6 0<7>1ftfejj[albit3£ir2> 
^fp]^fp]< lo«tt»W2 9 0 t**SG2 5 0 

UU2 9 0 O rf * ;frfj£ «: =r >f ;U 1 6 0 0«|S*|6J ^ tt^C 
1-&3frft£ft< «fc 9 3^H6 0O»JJ 

4fcM*4o Sfc. *««#2 9 0 ttp#:m>2 5 0 b 

it^aLtLTLi9^^"e*^o 05 (c) ic^-TM^J* 
^iwii, ^oOfiWt2 9 0, 290 n^f;H6 
0O*|£:frftK^o£|^|HJ2 9 1 < «t 7 HIT, ^ 

- x 2 i ooKWUflfcOftitrv**,, co^Hco^fttc 

^lzi±^ 1 0 t^JK«tOWrKi£^3Ett^v> 

b**4MlES*"t\ f-^t'JTlOOi: 
[0028] ft, n>f ;H 6 0 *1%miT2>£z}£><D^<Dm 

[oo2 9] s^, y-^at, ^^laawjeo* 

CO rfx ^tt U E3c1~ & ^ fp] =f* ^fp] v * t v ^ z: o 
[0 0 3 0] Sfc, r>ftfc LTTSftOttEl^'f 
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[0 0 3 1 ] ^ftWOlllHIIJfcJBH-C**^-^ 
^tVTSrHHSrtKLTRWt^o 06 (a) 

06 (b) (i-tOT*-^^rir , ;rOC-C^W*|nIIK* 
BfffiEk B6 (c) lt^<DT-?* J rVT<D9mWmm 

xhz> 0 *H*jfcj&«-ew\ ±e*r**?e»o<>ofc 

*k *<?>wtffl%uw*mm-r2>o B6tN*. rfi 

[0 0 3 2] f^iifiOf- ^t l J7100a# 

fc. flfc&l 5 0O5fe»a»Sr^^^2 1 0O3gSG2 6 0 
a, 2 6 0 bi:i^fi:, 7>ftl 1 0S:^-X2 

T±iB*~*Jfcj|2JBtf> i><Db mUx$> Z> 0 T 
>t-±i l o^-^2 l ortUAttfe^ifc*^^ 

^IR*) £ff otv^iC, 7>ftll0»^ 

fc^oT, SKHUMSOf-^ + t'JTl 0 0 at? 
(±, ^"-X2 1 OOrtfifBUWJUSr^LTTVx-M 1 
0£$tlh~f&#\ *4v*Wt^ T>7^^1 1 OOt^Xt 

)--x2 i x^ijtjwuizur. r^fti 1 

0^-X2 1 0 rt£Ifrlt&X^--X£^£ < Z h 
30 [0 0 3 3] »HHJfef^<Or'-^^r^ 1 JT-e^, T> 

Jfc««OH4 (a) tra«-e*4o »H*»B«-Cli, 

[0034] mmntktemwT*-?** y r 1 o o b 

i±. HI 7 C^ti 9 7>ftll0a^ T y 

1 1 0 aUti^/:Mt-X2 1 0 b £ftfli1-& & CO 

b**±B»zi*)t*iio tot Ha? &jflc«, m^mmm 

|(7)7>fti:^l)i^7>ft 110a *fflv^^ 



11 

[0 0 3 5] T>-r^ HOali, atttOBti^ 
n&Zft *) fzti><Dt><DT*$>t)^ *#tO«."El 5 0 a <h , 
3^H60at £;fi"f &o JSft 1 5 0 a U\ — ^fnjtt 

& Q El 7 U^i-i: 9 iz^ m&l 5 0 aO^ 

6 0 a (4. aHjftSrTW^^^HSc^tt^H-t* - t 

)V\ 6 0 a t It 14, rtS*qBS 15 0a 0« 4 *)i>± 
|v»t^)*1^4 9 £o Kl 5 0 a £n 

>f;H6 0aC#AU 3>f;H6 0aO?ffit»S:i 

5 0 aO¥ffi<h^l&TffU&&4 *) i:tl>-i:i:J: *K 
T>7^1 1 0 a#W6*t&o ft> 

15 0a |6j3i»3 ^H60a 0*I^|rJ t 

[0 0 3 6] z.<d 4 n \z^ mmmMmgreiU 7fiS£o£ 

&3>f /USrfflv^C fcKJ; I),r>ftll0a 

TtmOT-9*W 7 1 0 0 b-Cfi, tt^tiltn 

[0 0 3 7] frfr&T^r-1- 1 1 0 a (4, ±IBSRZl||iS 

;H 6 0 a«r**B52 5 0lCJt|6j$ 
*"CEit4i*t:, n>f;H 6 0 a ^^[pJ^Zlo 
O^SE2 6 0 a, 2 6 0 b < 4 ? 

T\ ^-X 2 1 0 UAtLt>ft*o £*UCi *K *ffeS8 2 

5 0OrfX^fi{4=r-f;W 16 0 a O|*^:^|t0 fc 
&:friaj£ft§> 38SP2 6 0 a, 2 6 0 bO^fiS(in 
>OH 6 0 acottn>^f^i:B&W^*[^^r&]< 4-9^4 

[0038] mmmffi$m<r>7*-z** yrt?i4, wbr 

r - ^ ^ t ^ 7 t: ^ ^ KiS^x 
±E#H*«[»«ofcoi:|B|»oftfll • 8r***-r*o 

6 o 

[0 0 3 9] «x.». ±IBO»Eg*jfc^]B^I4, 

t Lx¥m&*nwfmizmMztifz&fc? j A>*m^ 
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t Lxit^m^iE^fmxit^mkizmm^fitzm 

,T,=r>f;H 6 0 b fefljJR3*iTV»£ t><0-e*£ o S*:, 

09 m ^-X2 1 2 Oft^fRfftt Lfc*#^£ 
^LtV^o ^C0^-X2 1 2(4. *R*R«>+*»2 
5 2 <h . ^R«^OZ:ooS|WfB 262a, 2 6 2 b^ 
iO #t^)o W2 5 2 ^W«i:®ai2 6 2 a, 2 62 

Wfl!K##ffi2 6 2 a, 2 6 2 b^K^#lt?)^o ^ 
i^fflf*0^-X2 1 2(4. RfetfeOflS^U 
n>f A'SrKflcLfcT >t-^ 110b CitLtfflv^oi: 

[0 0 4 0] 

[0 0 4 1 ] f-^^t»J7ffl^"-Xi:tt, rf 

JO rt^^-XCAti/:^^: K4 *K ^-*co5g«P(4^;£ 

o 

[EIMO»f*4lfe^] 

[Hi] (a) «±*«WO*-*Jfc»J|R-C*4'7*-^* 
•V V TCD$EH&¥WEk (b) IJfcO'f-^^tVTOA 
-A^ffi^-|pJ«EB&BfffiBI. (c) liWf-^^rtV7 

[13 3] ^Or-^^rt 1 ] T tmftkt^MXiE^V)*? 1Q 

[04] (a) i4*»WO»-**fc»JK-e**T*-^^r 
"V U T<O^EB& I PMIlI> (b) (4 CO t^— ^^^'JTOB 
-B4c«^«E*WfHia. (c) [i^f-^tV7 

[El 5] tOf-^*^'J70n>f^ftfilIt4*ftt 
W%~t htz#><F>mX$>Z>o 

50 [ei 6] (a) i*^w<v%=mmfmx$>z>T-- 9 * 
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^ v rnmte^mm. (b) ii^f-^^t'jroc 
w*iriifH-e**o 

[0 9] U T^t^l" 

[mi o] s*of-^t v rsrRWi"4fc»oia-c 70 

<£> o 

[fr-^oiftW] 

10, 100, 100a, 100b r'- ^^'JT 
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11, 110, 110a, 110b T>Y"T 

1 5, 1 5 0, 1 5 0 a 

16, 160, 160a, 160b n >f ;W 

2 1, 2 10, 2 12 ^-X 
25, 250, 252 

26a, 26b, 2 6 0 a, 2 6 0 b, 2 6 2 a, 26 

2 b JSSB 

2 7 0 §tit#J§S 

2 8 0, 2 9 0 

2 9 1 BRH 

3 1 RF I D^ya-^ 
3 5a, 35b *g 




[0 4] 
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